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Introduction

This contribution intends to discuss the issue raised in RILH001 to clarify the switch timing for unchanged PCI when t-serviceStart is provided by comparing the pros and cons of possible options. In the conclusion part, a solution with corresponding TP is given.  
Discussion
It has been agreed in RAN2#124 that Figure-1 in R2-2313877 is endorsed as the baseline for PCI unchanged for further review. It is captured in current specs that when t-serviceStart is signalled for PCI unchanged, UE can perform DL/UL re-sync to target satellite in time duration between t-serviceStart and t-service. However companies raised the concern on the uncertainty of switch timing might lead to downgrade of performance and reduced resource efficiency, and would like to further clarify the switch timing when -serviceStart is provided. 

In our understanding, there could be different implementation options when t-serviceStart is provided:

Opt1: Current specified behavior, UE performs re-sync to target in both DL and UL during the time indicated between t-ServiceStart and t-service
Opt2: UE start performing measuring the target at t-serviceStart, but performs re-sync to target in both DL/UL at t-service
Opt3: UE remains UL re-sync to source at time between t-ServiceStart and t-service, while performing DL sync to target at t-serviceStart
Opt4: UE performs re-sync to target in both DL and UL at time indicated by t-ServiceStart 
Observation 1: There are different options for UE to re-sync to target when t-serviceStart is provided:

Opt1: Current specified behavior, UE performs re-sync to target in both DL and UL during the time indicated between t-ServiceStart and t-service
Opt2: UE start performing measuring the target at t-serviceStart, but performs re-sync to target in both DL/UL at t-service
Opt3: UE remains UL re-sync to source at time between t-ServiceStart and t-service, while performing DL sync to target at t-serviceStart
Opt4: UE performs re-sync to target in both DL and UL at time indicated by t-ServiceStart 
Option 1 is current specified behavior, in our understanding the intention is to allow UE switching to target before t-service when there is overlapped coverage. In this option both target and source satellite will need to monitor the PUCCH and/or configured grant for the UE to prepare for reception of possible UL transmission, since the switch timing is unknown for the NW. Once the target satellite receives UL transmission from UE (e.g., SR), it can consider the target UE has successfully re-sync to the target. While for the case when there are downlink data arriving, both source and target may try to schedule the UE, which could lead to further wast of resource and possible interference. 
For option 3, the synchronization timing in the UL and DL is different, UE will perform DL synchronization to target at t-serviceStart while performing UL synchronization to target at time between t-serviceStart and t-service. The benefits of this approach is that for UL UE can switch to target in a time duration to avoid possible congestion in UL. In the downlink, since the switch timing is clear for NW, there is no ambiguity for downlink scheduling. However, this approach requires UE to DL sync to target while maintain UL connection to source which has higher requirement on UE implementation, also the feasibility may need further feedback from both RAN1/4.  

Observation 2: For both option 1/3, the uplink synchronization timing is not known by NW, which could lead to downgrade of system performance and waste resource. Also there are additional implementation complexity which may require input from other WGs (e.g., RAN1).

For option 2/4 the timing UE performs resync to target satellite is aligned in NW and UE’s side. Assuming UE needs extra delta processing time to complete the resync procedure to target satellite, then the difference between the two options is that: for option 2 UE can only reconnect to target satellite at time indicated by t-service (if UE starts preparation early) or at time t-service+delta. While for option 4, UE can reconnect to target satellite at time t-serviceStart+delta. In our understanding the whole point to introduce t-serviceStart is to allow UE to reconnect to target at t-serviceStart+delta, hopefully before t-service, and opt 2 is not aligned with this purpose. 
Observation 3: For Option 2/4, the timing UE performs resync to target satellite is aligned in NW and UE’s side. The difference is that with opt2 UE is impossible to complete resync procedure to target satellite before t-service, which is not aligned with the intention to introduce t-serviceStart in the first place.
Furthermore, with option 2 UE starts to measure DL of target at time indicated by t-serviceStart, and only performs DL and UL synchronization to target at t-service. This option allows UE to measure target DL in advance, which requires UE to simultaneously perform measurements in both source and target, therefore adds some implementation complexity.
Observation 4: Opt 2 adds some complexity in implementation since it requires UE to simultaneously perform measurements in both source and target.

Based on above analysis, opt4 is simpler with no ambiguity in UE behavior and has more flexibility in NW implementation, therefore it is proposed to go for option 4. 

Proposal 1: When t-serviceStart is provided, UE supporting PCI unchanged performs re-synchronization procedure as specified in 5.7.19 of TS 38.331 at time indicated by t-serviceStart.
An TP for P1 is attached in the annex, it is proposed RAN2 to discuss and agree on the TP provided. 
Conclusion and proposals

Based on above analysis, we have the following observations and proposal: 
Observation 1: There are different options for UE to re-sync to target when t-serviceStart is provided:

Opt1: Current specified behavior, UE performs re-sync to target in both DL and UL during the time indicated between t-ServiceStart and t-service
Opt2: UE start performing measuring the target at t-serviceStart, but performs re-sync to target in both DL/UL at t-service
Opt3: UE remains UL re-sync to source at time between t-ServiceStart and t-service, while performing DL sync to target at t-serviceStart
Opt4: UE performs re-sync to target in both DL and UL at time indicated by t-ServiceStart 
Observation 2: For both option 1/3, the uplink synchronization timing is not known by NW, which could lead to downgrade of system performance and waste resource. Also there are additional implementation complexity which may require input from other WGs (e.g., RAN1).

Observation 3: For Option 2/4, the timing UE performs resync to target satellite is aligned at NW and UE’s side. The difference is that with opt2 UE is impossible to complete resync procedure to target satellite before t-service, which is not aligned with the intention to introduce t-serviceStart in the first place.
Observation 4: Opt 2 adds some complexity in implementation since it requires UE to simultaneously perform measurements in both source and target.

Proposal 1: When t-serviceStart is provided, UE supporting PCI unchanged performs re-synchronization procedure as specified in 5.7.19 of TS 38.331 at time indicated by t-serviceStart.
Annex 1 TP to 38331

First change
5.2.2.4.21
Actions upon reception of SIB19
Upon receiving SIB19 in an NTN cell, the UE in RRC_CONNECTED shall:
1>
start or restart T430 for serving cell with the timer value set to ntn-UlSyncValidityDuration for the serving cell from the subframe indicated by epochTime for the serving cell;
1>
if SatSwitchWithReSync and t-Service are included, and the UE supports hard satellite switch with resynchronization;
2>
if t-ServiceStart is included and the UE supports soft satellite switch with resynchronization:
3>
perform the satellite switch with resynchronization as specified in 5.7.19 at the time indicated by t-ServiceStart for the serving cell.
2>
else:
3>
perform the satellite switch with resynchronization as specified in 5.7.19 at the time indicated by t-Service for the serving cell.
NOTE:
UE should attempt to re-acquire SIB19 before the end of the duration indicated by ntn-UlSyncValidityDuration and epochTime by UE implementation.
Second change
	satSwitchWithReSync field descriptions

	ssb-TimeOffset
Indicates the time offset between the SSB from source and target satellite at the uplink time synchronization reference point. It is given in number of subframes.

	t-ServiceStart
Indicates the time information on when the UE performs satellite switch without PCI change as specified in 5.7.19. The field indicates a time in multiples of 10 ms after 00:00:00 on Gregorian calendar date 1st January 1900 (midnight between Sunday, December 31, 1899, and Monday, January 1, 1900). The exact start time is between the time indicated by the value of this field minus 1 and the time indicated by the value of this field.
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